Several species of bacteria are able to modify their swimming behavior in response to chemical 16 attractants or repellents. Methods for the quantitative analysis of bacterial chemotaxis such as 17 quantitative capillary assays are tedious and time-consuming. Computer-based video analysis 18 of swimming bacteria represents a valuable method to directly assess their chemotactic 19 response. Even though multiple studies have used this approach to elucidate various aspects of 20 the bacterial chemotaxis, to date, no computer software for such analyses is freely available.
Samples for analyzing the adaptation of E. coli after stimulation with L-aspartate were 121 generated using a different set-up. Cells were grown overnight in LB medium before being 122 harvested by centrifugation (10,000 RPM, 1 minute) and washed with an equal volume of MSB 123 medium. Cells were resuspended in an equal volume of MSB medium. Two hundred microliters 124 of washed culture were inoculated into 15 mL of minimal MSB medium containing 12 mM 125 glucose. When the cultures reached mid-exponential phase (OD600= 0.4-0.6), 1 mL aliquots of 126 culture were harvested by centrifugation at 5,000 rpm for 10 min at room temperature and 
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Quantitative characterization of the swimming behavior of a given bacterial culture by 184 means of its tumbling frequency involves five consecutive steps, as shown in Fig. 2 Table S1 in the Supplemental 
TaxisPy
The Splitter decomposes a video into its constituting frames. File allows the location of those frames to be specified as well as the video parameters frame rate and pixels/micron.
Splitter, File 1
For each frame, cells are identified as a function of their diameter and minimum mass. Table S7 for the P. putida videos and in Table S11 for the E. coli.
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An additional group of key parameters is located within the tab Tumbling Frequencies. 
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In order to demonstrate the utility of TaxisPy, the chemotactic response of two different 281 microorganisms after stimulation with chemical attractants was video recorded and analyzed.
282
Using the frames of the recorded videos as input, TaxisPy allowed the quantification of the 283 effect of shikimate on the tumbling frequency of P. putida and the visualization of the adaptation 284 process of E. coli after exposure to 1 mM L-aspartate. The following results were generated 285 using parameter values listed in Table S7 for P. putida F1 and 
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The minimum tumbling frequency exhibited by the culture within the first 20 seconds of each 319 video was used in Fig. 3A to assess the effect of different concentrations of shikimate on the 320 swimming pattern of the culture. This value was used instead of the average tumbling frequency 321 over the same period of time because it better captured the reduction of the culture's tumbling 322 frequency after exposure to the chemical attractant. This is justified in Fig. 3B , where the 323 temporal evolution of the tumbling frequency after addition of 1 mM of shikimate is shown. While 324 the average tumbling frequency for the first 20 seconds corresponds to 0.13 tumbles/second, 325 the minimum tumbling frequency within the same period of time corresponds to 0.04 326 tumbles/second. The origin of the discrepancy between these two values can be attributed to 327 temporal processes involved in the diffusion of the chemical attractant in the culture's medium,
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as well as to temporal processes involved in cellular sensing and response to the chemical 329 gradient. Note that the analysis was restricted to the initial 20 seconds of the video instead of its 330 total duration (see blue rectangle in Fig. 3B ). There are two reasons for this. The first one is 331 related to the adaptation process that the cellular sensing machinery undergoes and the videos (see Fig. S1 ). For consistency, the tumbling frequency for the control condition was also 337 calculated over a period of 20 seconds. 
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The two-component system controlling the chemotactic response of E. coli is able to adapt 
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The expected adaptation behavior is evident from the time course of the tumbling frequency 362 for the stimulated culture (blue solid line in Fig. 4) . As time goes by, the average tumbling data-to identify tumbling events. We use the premise that a cell decreases its linear velocity 387 Ryu (2008) , in which a tactic response was observed in E. coli as a function of temperature 427 gradients. The authors showed that at temperatures below 31 °C, the response to thermal 428 stimuli is similar to the chemotactic response. However, at temperatures above 31°C, some 429 cells showed an inverted response, switching from warm-to cold-seeking behavior. Additional 430 factors to be considered might be related with oxygen depletion and the accompanied overall 
440
In the case of E. coli, a different experimental set-up was followed. Since the adaptation 441 time exhibited by this microorganism under the studied conditions is in the order of magnitude of 442 minutes, the actual adaptation process was conducted in an Eppendorf tube instead of in a 443 microscope slide. Samples were taken from the vessel, which was kept under shaking 444 conditions, and analyzed under the microscope for 10 seconds. In this way, we were able to 
